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or THE 
SOLAR and LUNAR Motions, 
4 eee, e ee, | 
PRINCIPLES 
| ON WHICH 


The following T A B A ES are confirutted, 


HE nearer any object is to the Fl 
of an obſerver, the greater is the 
angle under which it appears: the 
farther from the eye, the leſs. : 
2. The diameters of the ſun and moon ſubtend 
different angles at different times. And, at equal 
intervals of time, theſe angles are once at the great- 
eſt, and once at the leaſt, in ſomewhat more than a 
compleat revolution of the luminary through the 
_ ecliptic, from any given fixed ſtar to the ſame ſtar: 
again.—This proves that the ſun and moon are con- 
ftantly changing their diſtances from the earth; and 
that they are once at their greateſt diſtance, and once at 
their leaſt, in little more than a compleat revolution. 
3. The gradual differences of theſe angles are 
not what they would be, if the luminaries moved in 
circular orbits, the earth being ſuppoſed to be placed 
at ſome diſtance from the center: but they agree 
perfectly with elliptic orbits, ſuppoſing the lower 
focus of each orbit to be at the center of the earth. _ 
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4. The a point of each orbit 1 the. 
earth's" center is called the apogee, and the neareſt 
point is called the perigee.—Thele points are — 
oppoſite to each other. 

5. Aſtronomers divide each orbit into 12 equal 
parts, called /gns; each ſign into 30 equal parts, 
called degrees each degree into 60 equal parts, 
called minutes; and every minute into 60 equal parts, 
called ſeconds. The diſtance of the ſun or moon 
from any given Point of its orbit, is reckoned in 
ſigns, degrees, minutes, and ſeconds. Here we mean 
the diſtance that the luminary has moved through 
from any given point; not the ſpace it is ſhort there- 
of in coming round again, though ever ſo little. 

6. The diſtance of the ſun or moon from its 
apogee, at any given time, is called its mean ano- 
| maly : ſo. that, in the apogee, the anomaly i 1s ADS 
in the perigee, it is ſix ſigns. 

The motions of the ſun and moon are ob- 
forved to be continually accelerated from the apogee 
to the perigee, and as gradually retarded from the 
perigee to the apogee; being ſloweſt of all when the 

mean anomaly is nothing, and Colle, of all when, 

it is {ix ſigns. 5 . 
8. When the luminary is in its apogee or perigee, 
its place is the ſame as it would be, if its motion 
were equable in all parts of its orbit. —The ſup- 
poſed equable motions are called mean; ; the unequal 
are juſtly called the tre. 

9. The mean place of the ſun e or r moon, is always 
forwarder than the true place * Wbilſt the damit 


* The point ug the gd in which the ſun or moon is, at 


any given moment of time, * es the Jy the fun: 
moon at * Hime. 7 40 
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is moving from its apogee to its perigee; and the 
true place is always forwarder than the mean, whilſt 
the luminary is moving from its perigee to its apo- 


gee. In the former caſe, the anomaly is always 18 
than ſix ſigns; and in the latter caſe more. 


10. It has been found, by à long ſeries, of hi 15 
vations, that the ſun goes through the ecliptic, from 
the vernal equinox to the ſame equinox again, in 365 
days 5 hours 48 minutes 55 ſeconds: from the I 
far of Aries to the ſame. ſtar again, in 365 days 
6 hours 9 minutes 24 ſeconds : and from his apogee 
to the ſame again, in 365 days 6 hours 14 minutes 
o ſeconds, —The firſt of theſe is called the ſolar year, 
the ſecond the /dereal year, and the third the anoma- 
liſtic year, So that the ſolar. year is 20 minutes 29 
ſeconds ſhorter than the ſydereal; and the fydereal 
year is 4 minutes 36 ſeconds ſhorter than the ano- 


. malaſtic. Hence it appears, that the equinoctial point, 
or interſection of the ecliptic and equator. at the be- 


ginning of Aries, goes back ward with reſpect to the 


2 fixed ſtars; and that the ſun's apogee goes forward. 


11. It is alſo obſerved, that the moon goes through 
her orbit, from any given fixed ſtar to the ſame ftar 
again, in 27, days 7 hours 43 minutes 4 ſeconds, 
at a mean rate: from her apogee to her apogee again, 
in 27 days 14 hours 18 minutes: 43 ſeconds: and 
from the ſun to the ſun again, in 29 days 12 hours, 
44 minutes 32 ſeconds.— This ſhews, that the 
moon's apogee moves forward in the ecliptic, and 
that at a much quicker rate than the ſun's, apagee 
does; ſince the, moon is 5 hours 55.minutes, 39 ſe- 
conds longer in revolving from her apogee to her, 
apogee. again, than. from OF: inlay to 0 ame, ſtar 
again. ot 2:55 1413218) 718 + DPW ORD 18 
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The moon's orbit eroſſes the ecliptic in two op- 


poſite points, which are called her - nodes: and it is 
obſerved that ſhe revolves ſooner from any node to 


the ſame node again, than from any ſtar to the ſame 
ſtar again, by 2 hours 38 minutes 27 ſeconds; 
which ſhews that her nodes move backward, or con- 
frary to the order of ſigns, in the ecliptic. 

12. The time in which the moon revolves from 
the ſun to the ſun again (or from change to change) 


is called a lunation; (which, according to Dr. 
Pourp's mean meaſures, would always confiſt of 


29 days 12 hours 44 minutes 3 ſeconds 2 thirds 
58 fourths, if the motions of the ſun and tnoon were 
always equable.— Hence, 12 mean lunations contain 
354 days 8 hours 48 minutes 36 ſeconds 35 thirds 
40 fourths, which is 10 days 21 hours 11 minutes 


23 ſeconds 24 thirds 20 fourths leſs than the length 


of a common Fulian year, conſiſting of 365 days 


6 hours: and 13 mean lunations contain 383 days 


21 hours 32 minutes 39 ſeconds 38 thirds 38 fourths, 
which exceeds the length of a common Julian year, 


by 18 days 1 5 __ 32 minutes 39 feconds 38 mann 


38 fourths. 
13. Having Sound = mean time of new der 
for any given year and month, as ſuppoſe for March 
1500, old ſtyle; if this mean new moon falls later 
than the 11th day of March, then, 12 mean luna- 
tions added to the time of this mean new moon, wilt 


give the time of the mean new moon in March 1701, 


after having thrown off 365 days. But, when the 


mean new moon happens to be before the 1th 
of March, we muſt add 14 mean lunations, in order 


to have the time of mean new moon in March the 


year following: always taking care to ſubtract 369 


days 


15 71 
days i in common years, and 366 days in leap-years, 
from the ſum of this addition. | 

Thus, A. D. 1700, old ſtyle, the time of 0 
new moon in March was the 8th day, at 16 hours 
11 minutes 25 ſeconds after the noon: of that day 
(viz. at 11 minutes 25 ſeconds paſt IV in the morn- 
ing of the gth day, according to common reckon- 
ing.) To this we muſt add 13 mean lunations, or 
383 days 21 hours 32 minutes 39 ſeconds 38 thirds 

38 fourths, and the ſum will be 392 days 13 hours 
44 minutes 4 ſeconds 38 thirds 38 fourths; from 
which fubtratt 365 days, becauſe the year 1701 is 
a common year, and there will remain 27 days 13 
hours 44 minutes 4 ſeconds 38 thirds: 38 fourths 
for the time of mean new moon in Maron, A. D. 
2701. 

Carrying on ishia ase and ſubtrsion Gl 4 D. 
1903, we find the time of mean new moon in March 
that year, to be on the 6th day, at 7 hours 21 mi- 
nutes 17 ſeconds 49 thirds 46 fourths paſt noon; to 
which add 13 mean lunations, and the ſum will be 
390 days 4 hours 33 minutes 57 ſeconds 28 thirds 
20 fourths; from which ſubtract 366 days, bowels 
the year 1704 is a leap-year, and there will remain 
24 days 4 hours 53 minutes 57 ſeconds 28 thirds 
20 fourths for the eme of mean new moon in 
March, A. D. 1704. 

In this maaner was the firſt of the 8 ls 
conſtructed to ſeconds, thirds and fourths; and then 
wrote out to the neareſt ſeconds.— The reaſon why 
we choſe to begin the year with March, was to avoid 
the inconvenience of adding a day to the tabular 
time in leap· years after F ebruary, or ſubtracting a 
"o . in 1 anuary and February in thoſe 
years; 


years; to which all tables of this kind are ſubje&, 
which begin the year with- January, in” WIE 
the times of new or full moons, 

The mean anomalies of the ſun and v6 und the 

fur? $ meant motion from the aſcending node of the 
moon's orbit, are ſet down in Table III. from one to 
13 mean lunations.— Theſe numbers, for 13 luna- 
tions; being added to the radical anomalies of the 
dun and moon, and to the ſun's mean diſtance from 
che aſcending node, at the time of mean new moon 
in March 1700, (Table I.) will give their mean ano- 
malies, and the ſun's mean diſtance from the node, 
at the time of mean new moon in March 1701; and 
being added for 12 lunations to thoſe for 1701, give 
them for the time of mean new moon in March 1702. 
And ſo on, as far as you pleaſe to continue the 
table (which is here carried on to the year 1800) 
always throwing off 12 ſigns when their ſum ex- 
ceeds 12, and ſting down the remainder'as the * 
Fee * Ki e ee 

14. If the IPO belbnging to A: D. 1700 (in 

Table I.) be ſubtracted from thoſe belonging to 1800, 
we ſhall have their whole differences in 100 com- 
pleat Julian years; which accordingly we find to be 
4 days 8 hours 10 minutes 32 ſeconds 15 thirds 
40 fourths, with reſpect to the time of mean new 
moon. Theſe being added together 60 times (always 
taking care to throw off a whole lunation when the 
days exceed 294) make up 60 centuries, or 6000 
years, as in Table VI, which was carried on to ſe- 
conds, thirds, and fourths; and then wrote out to 
the neareſt ſeconds. In the ſame manner were the 
reſpective anomalies and the ſun' s diſtance from the 
node found, for theſe centuries; and then (for want 
« dc Bk | „„ 


of room) wrote out only ta the neateſt minutes; 
which is ſufficient in whole centuries. By means of 


_ theſe two Tables, we may find the time of any mean 


new moon in March, together with the anomalies. 


of the ſun and moon, and the ſun's diftance fram 
the node, at theſe times, within the limits qf -Goo@ 
years, either before or after any given year in tha 
- I8th century; and the mean time of any new or 


full moon in any given month after March, by 


means of the third and fourth Tables, within the 
ſame limits, as ſhewn in the precepts for calculatian. 
135. Thus it would be a very eaſy matter to cal> 


culate the time of any new or full moon, if the fun 


and moon moved equably in all parts of their orbits. 
— But we have already ſhewn (5 7, 8) that their 
places are never the ſame as they would be by equable 
motions, except when they are in apogee qr perigee; 


which is, when their mean anomalics are either no- 


thing, or ſix ſigns: and that their mean places are 
always forwarder than their true places, whilſt: the 
anomaly is leſs than fix ſigns; and their true places 
are forwarder than the mean, whilſt the . 


more. 
16. Hence it is colin. that whilſt: the fan's 


anomaly is leſs than ſix ſigns, the moon will over- 


take him, or be oppoſite to him, ſooner than ſhe 


could if his motion was equable ; and later whilſt 
his anomaly is more than fix ſigns. The greateſt 


difference that can poſſibly happen between the mean 


and true time of new or full moon, on: account of 


the inequality of the ſun's motion, is 3 hours 
48 minutes 28 ſeconds : and that is, when the ſun's 


anomaly is either 3 ſigns 1 degree, or 8 ſigns 29 de - 


grees; Tooner i in the firſt caſe, and later j in the laſt. 
In 


| 


In all other ſigns and degrees of anomaly, the dif- 
ference is gradually leſs, and vaniſhes when the 
' anomaly is either nothing or ſix figns. 

15. The ſun is in his apogee on the goth of 
June, and in his perigee on the goth' of December, 
in the preſent age: ſo that he is nearer the earth in 
our ſummer than in our winter. — The proportional 
difference of diſtance, / deduced from the difference 
of the ſun's apparent diameter at theſe times, is as 
98 3 to 1017. | 

18. The moon's b is ned in winter, 1 con- 
tracted in ſummer; therefore, the lunations are 
longer in winter than in ſummer. The greateſt dif- 
ference is found to be 22 minutes 29 ſeconds: the 
lunations increaſing gradually in length whilſt the 
fun is moving from his apogee to his perigee, and 
decreaſing in length whilſt he is moving from his 
perigee to his apogee. - On this account, the moon 
will be later every time in coming to her conjunc- 
tion with the ſun, or being in oppoſition to him, 
from December till June, and ſooner from June till 
December, than if her orbit had continued of the | 
ſame ſize all the year round. 

19. As both theſe differences (8 16, 18) de- 
pend on the ſun's anomaly, they may be fitly put 
together into one Table, and called The annual, or 
firſt equation of the mean to the true * ſyzygy (lee 
Table VIII.) This equational difference is to be 
ſubtracted from the time of the mean ſyzygy when 
the ſun's anomaly is leſs than ſix figns, and added 
when the anomaly is more.— At the greateſt, it is 
4 hours 10 minutes 57 ſeconds; viz. 3 hours 48 mi- 


»The word haygy Gonifies both the conjunction _ appo- 
nou of the ſun and moon. 


* 


nutes 


autes 28 ſeconds, on account of the fan's — 
motion, and 22 minutes 29 ſeconds, on account of 
the dilatation of the moon's orbit. 
20. This compound equation would be * - 
for reducing the mean time of new or full moon to 
the true time thereof, if the moon's orbit were of a 
circular form, and her motion quite. equable in it. 
But the moon's orbit is more elliptical than the 
ſun's, and her motion in it ſo. much the more une- 
qual. The difference. is ſo great, that ſhe is ſome- 
times in conjunction with the ſun, or in oppoſition 
to him, ſooner by 9 hours 47. minutes 34 ſeconds, 
than ſne would be if her motion were equable; and 
at other times as much later.— The former happens 
when her mean anomaly is 9 ſigns 4 degrees, and 
the latter when it is 2 ſigns 26 degrees. See Table IX. 

21. At different diſtances of the ſun from the 
moon's apogee, the figure of the moon's orbit be- 
comes different.— It is longeſt of all, or moſt ex- 
centric, hen the ſun is in the ſame ſign and degree 
either with the moon's apogee or perigee; ſhorteſt 
of all, or leaſt excentric, when the ſun's diſtance 
from the moon's apogee is either three ſigns or nine 
ſigns; and at a mean ſtate when the diſtance is either 
1 ſign 15 degrees, 4 ſigns. 15 degrees, 7 ſigns 
13 degrees, or 10 ſigns 13 degrees. — When the 
moon's orbit is at its greateſt excentricity, her apo- 
geal diſtance from the earth's center is to her peri- 
geal diſtance therefrom, as 1067. is to 933; when 
leaſt excentric, as 1043 is to 9573 and when. at the 
mean ſtate, as 1035 is to 945. | 

22. But the ſun's diſtance from the moon's apo- 
gee is equal to the quantity of the moon's mean 


1 & the time of new moon, and by the ad- 
B 2 dition 
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don of ror rg, it becomes equal i in » qvtntity to 

the moon's mean anomaly at rhe time of full moon. 
Therefore, a Table may be conſtrufted fo as to 
anſwer to all the various inequalities depending on 
the different excentricities of the moon's orbit, in 
the ſyZygies z and called The ſecond equation of the 
mam to the true fyzygy (fee Table IX.) and the 
moon's anomaly, when equated by Table VIII, 
may be made the proper argument for taking out 
this ſecond equation of time; which muſt be added 
to the former equated time, when the moon's anos 
maly is leſs than fix igns, and ſubtracted when 0 
_ anomaly is more. 

23. There are ſeveral other inequalities in oaks 
moon's motion, which ſometimes bring on the. true 
ſyrygy a little ſooner, and at other times keep it 
back A little later, than it would otherwiſe be: but 
they are ſo ſmall, that they may be all omitted ex- 
cept two; the former of which (fee Table X.) de- 
pends on the difference between the anomalies of 
the ſun and moon in the ſyzygies, and the latter 

(fee Table XI.) depends on the ſun's diſtance from 
the moon's nodes at theſe times. The greateſt dif- 
ference ariſing from the former, is 4 minutes 58 fe- 
conds; and from the latter, 1 minute 34 ſeconds. + 


Having deſcribed the phenomena ariſing from the inegua- 
lities of the ſolar and lunar motions, we ſhall not 
Jſhew the reaſons of theſe inequalities. 


In all calculations relating to the ſun and —_ 
we conſider the ſun as a moving body, and the 
earth as a body at reſt; ſince all the appearances are 
the ſame whether it be the ſun or: the earth that 
moves. But the truth * that the ſun is at reſt, 

, 3 | ; and 


and the earth moves round him once a year, in the 
plane of the ecliptic. Therefore, whatever ſign and 
degree of the ecliptic the earth is in, at any given 
time, the ſun will then appear to be in the oppoſite; 
The nearer that any body is to the ſun, the more 
it is attracted by him; and this attraction increaſes as 
the ſquare of the diſtance diminiſhes ; and vice verſd. 
The earth's annual orbit 1s elliptical, and the ſun 
is placed in one of its focuſes. The remoteſt point 
of the earth's orbit from the ſun, is called the earth's 
apbelion; and the neareſt point of the earth's orbit 
to the ſun, is called the earth's peribelion. — When the 
earth is in its aphelion, the ſun appears to be in its 
apogee; and when the earth is in its perihelion, the 
ſun appears. to be in its perigee. _ 
As the earth moves from its aphelion to its 4 
ribelion, it is conſtantly more and more attracted by 
the ſun; and this attraction, by conſpiring in ſome 
degtee with the earth's motion, muſt neceſſarily ac- 
celerate it. But as the earth moves from its perihe- 
lion to its aphelion, it is continually leſs and leſs 
attracted by the ſun; and as this attraction acts then 
Juſt as much againſt the earth's motion, as it acted for 
it in the other half of the orbit, it retards the mo- 
tion in the like degree. —The faſter the earth moves, 
the faſter will the ſun appear to move ; the ſlower the 
Earth moves, the ſlower is the ſun's apparent motions, 
The moon's orbit is alſo elliptical, and the earth 
keeps conſtantly in one of its focal points.—The 
earth's attraction has the ſame kind of influence on 
the moon's motion, as the ſun's attraction has on the 
motion of the earth: and therefore, the moon's mo- 
tion muſt be continually accelerated whilſt ſhe is 
FOOM from: her apogee to her ie and as gra- 
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dually retarded i in moving from her periget * to Yep a 


apogee. 


At the time of new moon, me: moon is nearer . 


the ſun than the earth is at that time, by the whole 
ſemi- diameter of the moon's orbit; which, at a mean 


ſtare, is 240,000 miles: and at the full, ſhe is as 
much farther from the ſun than the earth then is. 


Conſequently, the ſun attracts the moon more than 


it attracts the earth in the former caſe, and leſs in the 
latter. The difference is greateſt when the earth is 
neareſt the ſun, and leaſt when it is fartheſt Hom 
him. The obvious reſult of this is, that as the earth 
is neareſt to the ſun in winter, and fartheſt from him 
in ſummer, the moon's orbit muſt be dilated in win- 
ter, and contracted in ſummer. 

' Theſe are the principal cauſes of the difference of 
timne, that generally happens between the mean and true. 
times of conjunction or oppoſition of the fun and 
moon. As to the other two differences, viz. thoſe 
which depend on the difference between the anomalies 
of the ſun and moon, and upon the ſun's diftance 


from the lunar nodes, in the ſyzygies, they are owing 
to the different degrees of attraction of the ſun and 


earth upon the moon, at greater or. leſs diſtances, 


*-according to their reſpective anomalies, and to the 


poſition of the moon's nodes with reſpect to the ſun, 

If ever it ſhould happen, that the anomalies of 
both the ſun and moon were either nothing or ſix 
ſigns, at the mean time of new or full moon, and 
the ſun ſhould then be in conjunction with either of 
the moon's nodes, all the abovementioned equa- 


tions would: vaniſh, and the mean and true time of 


the ſyzygy would coincide.—But if ever this cir- 


cumſtance did happen, we cannot expect the like 


again in many ages afterward. TABLE 
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| 388 14 12 9/2 27 18 58| 217 27 1] 3 2 0 42 
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malies of the ſu and moon, and the ſun's mean diſtance from the 
ac aſcending node, next after compleat Julian centuries. | þ 
ir Sun's T Moons |Sun from 
New Moon. | Anom. | Anom. | Node. 
D. H. M. 8. $ 1% ff — .’ F830 # 
4 8 10 52 03 8 15 220 4 19 27 
8 16 21 44] 0 6.42] 5 9449 8 55 
13 O 32 37] 0 10 3 1.16 6] 1 28 22 
3 % 29] 0.135841 49; 1 35208 6 17 49 
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26 21 37. 16] o 14 28| 1 23 5711 12 15 
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TABLE VI. concluded. 

ads 1 =. Firſt es | Sun's | Moon's 

Luna- & £ | New Moon. | Anom. Anom. 

Ons. 8 5 5. H. N. S. % o „ 9 #7 
408173300 [25 3 2 3311 24 12] 1 13 49 
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If Dr. Pound's mean lunation (which we have kept by in 
making theſe Tables) be added 74212 times to itſelf, the ſum 
will amount to 6c00 Julian years 24 days 4 hours 59 minutes 
51 ſeconds 40 thirds ; agreeing with the firſt part of the laſt 
ine of this Table, within half a ſecond. 


1 
** 
— — 
* me * 


A 
„ ”—_ _— 


* 


* 


anzual, or firſt equation of th Mean to 


' the trac Syaygy. 4 J 
18 H. M. S. H. M. &. 
\ "AY — uy. - 
ö Of e 
| | | 1 3 37 rol4 10 57 
[+ | $; 3 39 1804 10 5 
[| 3 41 23. 10 49 
ö 4 3 43 20½ 10 39 
i - 2; 3 45 75] 10 24 
| | 6 g 47 194 10 4% 25 3g]! 48 nf 
1 71 40 7þ 3 23 41 39 56 
8 1 35 49 
1 10 
1 11 
q 112 
© | 131 | 
Wo | : 140 59 27, 51 40 
} | | ht: | 1541 'S 30} 54 48 
1 r 
1 16 7 45] 57 53/4 
1 1211 11 5313 84 
1 14181 16 of 3 5104 | 
8 19% 20 613 6 45/4 5 18]3 $8 52]2 47 18þ 48 5211 | 
Bf 2011 24, 1913 9 34 3 57 27] 43 57P 46 28119 
0 * 2111 28 123 12 24ʃ4 6 58]: 55 5912 40 33 o 40 212 
U 221 32 1213 15 94 7 41]. 54 202 37 35 36] 9] 
I 2311 36 19g 17 51/4 8 2113 52 40, 33 35] 31 + & 
| 2411 49 bz 20 304 8 876 5" 912 30, Þ 3: 7 
$ 251" 44 13 23 5/4 9.29] 49 202 20 2% 22 74 $ 
— — — — f — — 
2601 47 5413 2 9 855 47 38 5 4 Y 
| 2741 51 4613 2 10 1043 45 44 3 . 
F 2811 55 3713 30 2604 10 3313 43 45 $4 
2941 59 2043: 32 4514 10 45 41 40]? 2.2 8 
[ 302 34203 35 094 — 5313 39 39 | 
3 81 8 + 98 
| | o2 | Signs _ Signs Signs Signs 1 
| FEC 


[25] 


1..TABL T VIII. Eguation of the Thaw 7 vas — 
| = — Sun's mean Anomaly. 2 
1 Subtra& « 
18 122 4 s 96 
E Signs | Signs Signs | Signs [os | 
g 8 o 0 A. e NE 3 81 
EE 21 32/1 35 111 23 410 48 19 30 
110 22 2101 35 2]! 22 14% 46 51 20 
210 23 101 35 iſt 21 2410 45 23] 28 
310 23 5711 35 oft 20 32 43 54027 
410 24 41Þt 34 57] 19 3800 42 24] 26 
$39 25 2411 34-5011 18 420 40 53 ad 
1 — — [- | . — 
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BLE XIV. Th[TABLE XV. e of the fuw's] 
fun declination. mean diſtance from the node. 
Arg. Sun's true place. Arg. Sun's mean Anomaly. * 
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oſo.. oft1 3oſzo. 11}z<[f oo ofa 201 47]2 5/1 5cht 436 
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5. 359/13 23121 10/50] 5% 111 1201 52/2 5/1 44/0 54125 

0 4 3 * | J | 
— I — i — —— _ 
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813 11/14 12ʃz1 41/220] 800 17/1 17/1 5512 411 4010 48022 
93 34014 31j2T 50,210] gfo 191 181 5602 41 390 4621 
1013 58114 5oſz1 59% 001d 21% 19% 57j2 4% 37% Alz 
11114 22015 9.22 8119 13110 2511 211 5802 | 3j1 36fo 42019 
1214 45/15 282 160180[Tzſo 25/1 2201 58/2 3/1 3400 40018 
135 9015 46(22 24171300 28/1 24/1 59/2 30 330 377 
1445 32016 4/22 31016 140 zojt 2602 of2 2/1 31% 3516 
155 55/16 22022 38.15 150 32/1 27j2 of2 21 3ofo 33/15 
11606 18016 392 45 1441600 3401 2802 1ſ2 111 2800 3114 
176 412116 57/½½2 51/1377 36/1 3002 102 11 27/0 29013 
18,7 4% 14½2 56201800 3801 3102 22 oft 25 2702 
197 27/17. 30023 2011 1910 40% 34% 2/2 ofr 24 24/11 
20% 50117 46/23 6,10|[2010 42/1 35/2 311 $918 230 *. 
— — Nr | BI Web Ts: a: — FF 
2118 13118. 2123 11] 9f[21]o 4401 36% 31 59/1 2110 20 
228 35118 18/23 14/8 zzſo 46/1 37] 2 41 5801 19/0 18 
230 57/18 33½z3 18] 7/230 4801 39/2 4% 57/1 17/0 16 
24% 20118 4803 21] 6024 gojſt 40% 41 56/1 15ſ0 13 
25 4/0 3½3 23 5H zsſo 5a 4102 4/1 55/1 130 11 
e e gn We | te N 
26116 4119 17123 25] 4|}26lo 54 I 43% 5101 5401 11] 9 
27110 25119 31123 27] 3/7 56/1 44/2 5 53/1 9 7 
28010 4719 45/3 28] 22800 5801 45/2 50 52/1 $870 5 
2910 8019 58123 29] 1/91 of 46/2 50/1 510 60 3 
30010 30020 1103 29] 0030] 1 20 4712 51 501 4% of 
T Sig. | Sig. | Sig. S 11 10 = 8 6 
E 10 F. 9 F. 2 Sig. [Sig. Sig. Sig. Sig. ISig. 
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J TABLE XVI T A B I E XVI. The men's 8 9 
' | Themoor's lari- parallax, with the ſemidiameters and true 
” rude in eclipſes. herary motions of the fun and moon, to every] 
4 A, . Arth degree of their mean anomalies, the 4 7 
LET ut. diftanceſ} a for the intermediate degrees being eg ; 1 
tr. the node. ee 2 fig 18 | | 
EO Signs. "|| from: | Dioon's | Bun's * Moon's Te Ber | = 1 
eee F ra el = 
North. Aſc. 24 5 To | ? anc F * 4 — * "= 
6 Signs. moon. parall, ter. ter. | | moon. ; * 
South Deſ ce. — —— il — — =| Ih 
w— 0. yy wu wu: u | 0 0 
N © 954 29015 coſts 54130 1002 231200 
6154 31115 5014 55130 12/2 23 24444. 
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18054 400ʃ15 51014 5730 19 £37 72 1 
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e e 1 2460 016 20h6 28036 4002 32 6 
I 5 — |= | . 2 Sk 1 
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2 0 calculate the true tine os new or or full moon. 


3 anne I. If the required time be 7 1 the 
EZ limits of the 18th century, write out the mean time 
of new moon in March, for the propoſed year, from 
> Table I. in the old ſtyle, or from Table II. in the 
new; together with the mean anomalies of the ſun 
and moon, and the ſun's mean diſtance from the 
> moon's aſcending node.—If you want the time gf 
full moon in March, add the half lunation at the 
> foot of Table III, with its anomalies, &c. to the 
former numbers, if the new moon falls before the 
> 15th of March; but if it falls after, ſubtract the 
half lunation, with the anomalies, &c. belonging 
co it, from the former numbers, and write down 
> the reſpective ſums or remainders. 
1 II. In theſe additions or ſubtractions, obſerve, 
that 60 ſeconds make a minute, 60 minutes make a 
degree, 30 degrees make a ſign, and 12 ſigns make 
aa circle. -When you exceed 12 ſigns in addition, 
reject 12, and ſet down the remainder.—When the 
number of ſigns to be ſubtracted is greater than the 
number you fubtract from, add 12 ſigns to the 
= lIeffer number, and then you will have a remainder 
do ſet down,—In the Tables, ſigns are marked 
\* _thus*, degrees thus , minutes thus , and ſeconds 
X - thus”. 
as III. When the reguined new or eln eh i any 
given month after March, write out as many luna- 
tions, with their anomalies, and the ſun's diſtance 
from the node, from Table III, as the given month 
is after March; ſetting them in order below the 
- pumbers taken out for March. 
ed 11 


TTY 


IV. Add all theſe together, and they will ove 


the mean time of the required new or full moon, 
with the mean anomalies and ſun's diſtance from 
the aſcending node, which are the arguments for 
finding the proper equations. 

V. With the number of days added together, 
enter Table IV. under the given month ; and againſt 


that number you have the day of new or full moon 


in the left- hand column, which ſet before the hours, 
minutes, and ſeconds, already found. 

But (as it will ſometimes happen) if the ſaid 
number of days falls ſhort of any in the column un- 
der the given month, add one lunation and its ano- 
malies, &c. (from Table III.) to the foreſaid ſums, 
and then you will have a new ſum of days where- 
with to enter Table IV. under the given month, 


where you are ſure to find it the ſecond time, if the 
firſt falls ſhort. 


VI. With the ſigns a degrees of the ſun's ano- 


maly, enter Table VII, and therewith take out the 
annual or firſt equation for reducing the mean ſyzygy 


to the true; taking care to make proportions in the 


Table for the odd minutes and ſeconds of anomaly, 
as the Table gives the equation only to whole de- 
grees. 
Obſerve, in this and every other caſe of finding 
equations, that if the ſigns are at the head of the 
Table, their degrees are at the left hand, and are 
reckoned downward ; but if the ſigns are at the foot 
of the Table, their degrees are at the right hand, 
and counted upward ; the equation being in the body 
of the Table, under or over the ſigns, and in a col- 
lateral line with the degrees.—The titles add or ſub- 
zraf# at the head or faot of the Tables where the 
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ſigns are found, ſhew 8 the equation is to 


be added to the mean time of new or full moon, 


or to be ſubtracted from it. In this Table, the 
equation is to be ſubtracted, if the ſigns of the 


ſun's anomaly be found at the head of the 


Table; but it is to be added, if the ſigns are at 


the foot. 
VII. Wich the ſigns and degrees of the ſun's 


mean anomaly, enter Table VIII, and take out the 


equation of the moon's mean anomaly: ſubtract 


this equation from her mean anomaly, if the ſigns 


: of the ſun's anomaly be at the head of the Table, 
but add it, if they be at the foot; the reſult will be 


the moon's equated anomaly; with which enter Ta- 
ble IX, and take out the ſecond equation for redu- 
cing the mean to the true time of new or full moon; 


adding this equation, if the ſigns of the moon's 


anomaly be at the head of the Table, but ſubtract- 
ing it, if they be at the foot, and the reſult will give 

you the mean time of the required new or full 
moon twice equated, which will be ſufficiently near 


for common almanacks.— But when you want to 


calculate an eclipſe, the following equations muſt 


be uſed : thus, | 
VIII. Subtract the moon's equated anomaly from 


the ſun's mean anomaly, and with the remainder in 


ſigns and degrees, enter Table X, and take out the 


third equation, applying it to the former equated 


time, as the titles, add or ſubtracs, do direct. 
IX. With the ſun's diſtance from the aſcendfng 


node, enter Table XI, and take out the equation 


anſwering to that argument, adding it to, or ſub- 
tracting it from the former equared time, as the 


titles direct, and the reſult will give the time of 
E 2 new 


[36] 
new or full moon, agreeing with well- Wer 
. or watches, very near the truth. 


The method of calculating the time of any new 


or full moon without the limits of the 18th century, 
will be ſhewn further on. And a few Examples 


compared with the N will make the e 


work plain. 


N. B. The Tables begin the day at noon, and 
reckon forward from thence to the noon following. 
Thus, March the 31ſt, at 22 hours 30 minutes 


25 ſeconds of tabular time, is April iſt, (in com- 
mon reckoning) at 30 minutes 2 E ſeconds after 
10 o'clock in the morning. : 


EXAMPLE I. 


Required the true time of new moon in April 1 764, 
neu Hole. ? 3 2¹ 


By the Precepts. New — Sun's 1 E 5 Ano. 
5. E. K. S. |: 5 Sit 


March 1764, 2 8 55 36 3 2 20 oro 13 3 35 2111 177 | 
Add 1 Luwation, © [29 12 44 3| 0 29 6 19} 0-25 49 9 1 © 40 14 
Mean new moon, 31 21 39 39/9 1 26 19fr1 9 24 2310. 5 35 
Firſt equation, II 4 10 40/1 10 59 18] - 1 34 57 Sun fr. Node 
Time once equ. 32 1 50 19] 9 20 27 1J/T1 10 59 18 and Arg. 4th 
Second equation, — 3 24 49 Arg. 3d equ. Arz 2. e gu. — 


E 


Na 


Time twice equ. 


31 22 25 30 


Third equation, + 432 So the true time is 22 h. 30 min. 
Time thrice equ. 31 22 30 37] 25 ſec. after the noon of the 31K of 
Fourth equation, = 18] March; that is, Apr. 1ft, at 30mn. 
Tr. new moon, 31 22 30 25] 25 ſec. after X i in the morning. 


EXAMPLE 


Third equation, — 2 26 


137 1 


EXAMPLE: II. 


. 7 be true time. 7 full moon in a0 1762, new. 
Hes 


By the Precepts. New Moon. Sun's Anem. Moon's 8 
c _ Nr 9 11 
A np: [547 5 28 Hl 1 28 12 39] 1 21 1 
New moon, May, 22 16 46 3010 * o 55] 3 15 37 1 
Subt. J lunatation, 14 18 22 2| 0 14 33 Q 6 12 5+, 8 
Full moon, May, 7 22 24 2810 7 27 22 2 42 42 
Firſt equation, + 3-16 369 3 57 18} 1 14 36 
Time once equ. 8 1 41 4| 1 3 30 2 7 x8|and Arg. 
Second equation, — 9 47 53/ Arg. Arg, 34 Equ. Equ Arg. 5 equ. nM 


Time twice eque 7 15 53 IT An. May Ith. at 1 h. 


Time thrice equ. 50 f. paſt noon,” vis. May 8th A 
Fourth my. 997 2 3 III h. 50 Mm. 50 ſec. in the morn- 


To calculate the time of new or full moon in a given 


year and month of any. particular century, between 
the Chriſtian æra and the 181 ct. 


Px ker J. Find a year of 5 


in the 19th century with that of the year in the cen- 


tury propoſed, and take out the mean time of new 
moon in March, old ſtyle, for that year, with the 
mean anomalies and ſun's diſtance from the node at 
that time, as already taught. _ * 

II. Take as many compleat centuries from Table 
VI. as, when ſubtracted from the aboveſaid year in 
the 18th century, will anſwer to the given year; 
and take out the firſt mean new moon and its anoma- 


lies, &c. belonging to the ſaid centuries, and ſet 


them below thoſe taken out for March i in the 18th, 
century, 


III Sub- 


Full moon, April | 6 2 3 390 2 58 of 5 9 39 47 9 54 37 


Time twice equ. 


Time thri 3 26 
Sd Temas. 6 * 3'1 0. 8. was on the 6th ay, at 25 m. 


III. Subtract the —_— belonging to theſe cen 
turies, from thoſe of the 18th century, and the re- 
mainders will be the mean time and anomalies, c. 
of new moon in March in the given year of the ceti- 7 
tury propoſed. —Then, work in all reſpects for the 
true time of new or full moon, as ſhewn in -the 
above Precepts and Examples. | 1 
IV. If the days annexed to theſe centuries exceed 
the number of days ſrom the beginning of March 
taken out in the 18th century, add a lunation and its 
anomalies, &c. from Table III. to the time and 
anomalies of new moon in March, and then proceed 
in all reſpects as abave.—This circumſtance happens 

in Exam * V. 


K KA 1 
Required che true time of full moon in April, old 2 = | 
8 A. D. go? | 


From 1730 laben 1700 * 17 centuries) and there remains $ 30. | 


wy the wa "Row — — 7 Anom.|Moon's Ano. ſ Sun fr. Node. 1 
-1D. H. M. 8. E 7 oh © 7 _ 1's © 7 7 4 
e keene 7 12 34 16 2 4379. o 32 17 322 17 16 
Add & lunation, 14 18 22 2 © 14 33 100 6 12 54 30] © 15 20 7 
Full moon, [22 6 56 18] 9 2 37 41] 3 13 26 47] 2 8 37 23 
1700 years ſubtr. 124.17 36 42111, 28 46 920 29 36 of 4 29 23. © 
Full ) Mar. 4.D.30 | 7 13 19 9 36| 9 3 51 41 4 13 50 47] 9 9 14 23 
Add 1 lunation, 29-12 44 3] 0 29 6 19] O 25 49 of-1 0 40 14 


1 


Firſt equation, + 3 28 4]. 5 1 58 40% 1 18 3 Sun fr. Node 
Time once equ. 6 8 31 43] 4 21 59 200 5 10 58 40ſand Arg. 4th 
Second equation, | + 2 57-48[Arg. 3d equ.[Arg. 2d _equ4zquation. 
6.8 


22 3'] Hence it appears, that the true 
time of full moon in Apr. A. D. zo, 


Third equation, 


Tr. full moon Apr. L 8 25 —— EEG. 


To 


Mar, bef. Ch. 885, o 71 35 3609 3 3 39 


| May bef. Ch. 585, 28 1 47 45] 0 o 22 37 


* * PITT PLOT Tp » het CP" — ä 2 
, on 
> * , 8 4 N 2 1 


1 39 ] 


To Aden the true time of new or * moon in any 
given year and month before the Chriſtian era. 


Pazceer I. Find a year in the 18th century, 
which being added to the given number of years be- 
fore Chriſt Siminiſhed by one, ſhall * a number 
of compleat centuries. 

II. Find this number of centuries in Table VI, 


and ſubtract the time and anomalies belonging to it 


from thoſe of the new moon in March, the above- 
found year of the 18th century; and the remainders 
will denote the time and anomalies, &c. of mean 
new moon in March, the given year before Chriſt. 
—- Then, for the true time thereof in any month of 
2 year, proceed as above taught. 


EXAMPLE IV. 


Required the true time of new moon in 1 old tote 
the year before Chriſt 585? _ 


The years 584 added to 1716, make 2200, or 23 centuries. 


By the Precepts, New Moon. [Sun's Anom.|Moon's Ano. Sun fr, Node. 
| e T7 OS 
; 


March 1716, 1 17 33 29] 8 22 50 39] 4 4 14 2| 4 27 17 5 
2300 years ſubt. fir 5 57 53132 19 47 J 8 59 of 7 25 27 
2 28 15 2| 9 1 50 5 
I 
3 


Add 3 lunations, - {88 14 12 92 27 18 58| 2 17 27 3 2 042 
9 3: 32.07 
irſt equation, — 1 37] 5 15 41 17 — 46|Sun fr. Node, 


Time once equ. 28 146 8 * 14 41 200 5 15 41 17and Arg, 4 
Second equation, 2 15 1 Arg. 3 . Arg. 26 equ, equation, 


Time twice equ. ST 4 2 
Third equation, 42 2 80 the true time was May 28th, 
Time thrice equ. * 4 2 38] at 2 minutes 30 ſeconds paſt IV in 


Fourth equation, 12] the afternoon, 
Tr. new moon, 28 2 30 


5 35/48 


* 


Theſe 


— ITY N n F * — ET <1 ** U 
8 . 5 0 . ” © 
> ; * . 


L140 1 


Theſe Tables are calculated for the meridian of 
Landon; but they will ſerve for any other place, by 
ſubtracting four minutes from the tabular time, for 
every degree that the meridian of the given place is 
weſtward of London, oradding four minutes for every 
degree that che 1 of the given place 1 is calf - 12 


ward: as in 


- * 


EXAMPLE v. 


Reguired the true time of full moon at Alinandeia in 
* in eee * Hl, *he; . byes _ 


2012 


The years 200 added to 1800, make 2000, or 20 — 


"By the Precepts, | 


Mareh 1800, 
Add 2 lunation, 


From the ſum, * 
Subtr. 2000 years, 


N. M. bef. Chr.207, 


alf lun. 
Full moon Sept. 
Firſt equation, 
Time once equ. 
Second equ. 
Time twice equ. 
Third equation, 


TNew Moon. Sun's Tom. . a 
B Fr 1 | 


1 


13 © 22 17] 8 23 19 55/10 7 52 3611 3 58 2 


29 12-44 _ 3] © 29 6 19 0 2549 ©| O 40 14 
42 73 6 200 9 22 26 x4/r2 3 41 36% 4 38 3 


_27 18 9 x9] © 3 50 of © 15 42 


14 33 57 2] 9 13 36 24110 27 59 36 
aaa Fo ination a9 1 24 18] 5 24 37 566 5 4 54 


22 2] © 14 33 70 6 12 54 30| © Is 20 7 


22 17 43 21] 3 22 47 20j10 5 48 971 26 15 


4 


— 3-52 $j10 4 1955} 1 28 fr. 
and Arg. 4th 


22 13 $13 18 27 2610 4 19 55 
— : 3 4d equlArg, 24 qu uation, 


” EY * = "PF 


Thus it appears, that the true 


Time thrice equ. 
Fourth equation, 


Time at London, 


Add for Alexand, 
True time there, 


hoe 
— 


— 5 2 me of full moon at Alexandria, in 
| — 32j9eptember O. S. che year before 


Chriſt 201, was the 22d day, at 


26m. 28 f. after VII in the even- 


1 
aac 


EXAMPLE 


17 
; 729 
* 
1 
1 
Fo 
2 
* 
Ks 
* 
7 
1 
W 
* 
5 
45 
Feb 


8 


87 


Oy. 


By the Precepty, | 


March 1793, 
Subtr. 5800 years, 


N. M. bef. Ch. 4007, 


7 lunations, 
Add Jbl n. 


F oll moon Oct. 
Firſt equation, 
Time once equ. 
Second equ. 


Time twice equl 
Third equation, 


* IT 


4 
EXAMPLE VI. 


Required the true time of full moon at Babylon in 
O ober, old ſtyle, the year 4008 before the firſt year 
of Chriſt, or 4007 before the year of his birth? © 


The years 4607 added to 1793, make 5800, or 58 centuries, 


45 0 


New Moon, [Sun's Tom. Noe 


ns Ano. Som fr. Noce 1 


SR 


a O(T % 


8 0 , #4 


1 


o 4 


"1 


| Fn 12 443 = 


9 To 16 11 
[ro 21 35 


eb 14 55 5 35 27 


ed hs 


ro 18 41 11 
6 23 44 15 
10 14 33 10 


22 8 6 11 
— 13 26 


5 26 58 3 


1 26 27 26 


8 737 58 5 
: of 624 45" © 


I 12 54 58 
6 "© 47 I]. 


6 12 6 12 54 30 


1 1 26 EE 31 


7, 52 45] 
[+_$ 29 2% 


4 


0 31 1760 


1 26 1200 


Arg. 3 d equ, 


22 16 2F 


SINK 


e thrice equ. 
urth equation, 


= n 


22 


2 76 1 37 56] 


Full moon at Lond. 
Add for Babylon, 


22 16 17 5 
3 


True time there, 


22 18 = 75 


To calculate the true ume of 1 new or f 4 noo = wy 


Arg. 2d d equ»{equation. 


— Arg. 4t 


Sestion 


So that, on the mierigian' of London, the 
true time was October 23d, '# 17 minutes 
5 ſeconds paſt IV in the morning; but at 
Babylon, the true time was Oct. 23d, at 
42 min. 46 ſee. paſt” VI in the morning. 
— This is ſuppoſed by ſome, to. have been 
hex of the | 


Liven year and month after the 18th century. 


Par CEPT I. Find a year of the ſame es 
in the 18th century with that of the year propoſed, 
and take out the mean time and anomalies,” &c 
new moon in 22 8K. old . for on Fs 


Table I. 


HI. Take fo many centuries fun Table v. as 
when added to the abovementioned year in the 18th 


century, will anſwer to the given year in which the 
new of full tnoon is required: and take out the firſt 
new moon, with its anomalies for theſe” compleat | 


Centuries, 


ut. Add 


ED, 


n 


6 8 2 * * . 
S Mets 
bi = wt + ed 9 
. i A OY, 2 


By the Precepts. 


42 } 
III. Add all theſe together, and then work in all 
reſpects as above ſhewn, only remember to ſubtract 
a lunation and its anomalies, when the aboveſaid 


addition carries the new moon beyond the 31ſt of 


March; as in the following example. 


EXAMPLE VII. 


Required the true time of new moon in Tub, old Ayle, 


A. B. 2 *®. 


Four centuries (or 400 years) added to A. D. 12805. make 2180. | 


——— —-- 
: D. H. M. S. 8 0 E "WS 0 5.:; 0 LY "head + HT. 


March 1780, 


Add 400 years, | 17 8 43 29 0 13 24 9/10 1 28 of 6 17 49 © 


From the ſum 41 7 45 139 17 42 13/11 22 35 47] 5 6 10 i|- 
Subtr. x lunation, | 29 12 44 3| 0 29 6 19 O 25 49 of x © 40 14 
New ) Mar. 2180,| 11 19 1 16 8 18 35 54110 26 46 47] 4 5 29 47 
Add 4 lunations, 118 2 56 12| 3 26 25 17 3 13 16 2|'4 2 40 5 
N. moon, July 2180,| 7 21 57 22} © 15 1 11] 2 10 2 49} 8 8 10 43]. 
Firſt equation, — 2. 3 39} 2 9 38. 37] —.24 12]$an fr. Node, 


Time once equ. 
Second equation, | 9 24 8 Arg. 3d equ.[Arg. ad equ. 
Time twice equ. 5 n 
Third equation, ＋ 3 56 
Time thrice equ. 


Fourth equation, | L 1 855 ſec. < Jn *I in the 2 
True time, July, , 


——.— 


— — 


In keeping by the old ſtyle, we are always ſure 
to be right, by adding or ſubtracting whole hundreds 
of years to or from any given year in the 18th cen- 
tury. But in the new ſtyle we may be very apt to 


make miſtakes, on account of the leap- year's not 


coming in regularly every fourth year: — And there- 
fore, when we go without the limits of the 18th 
century, we had beſt keep to the old ſtyle; and at 
the end of the calculation reduce the time to the 


new. Thus, in the 21ſt century, there will be 14 
days 


- 


New Moon _ Sun's om Moon's Ano. Sun fr. Node. bk 


| 23 23 1 44] 9 4 18 13] 1 21 7 47]1o 18 21 1 


* I” —_——— . ** 1 — "#4 * 1 
- 1 4 4 « py 5 


7 20 53 43/0 5 22 34| 2 9 38 fed Arg. 4th] 


True time, July:8, at 22 min. 


4" 
TT =, 


[43] 


days difference between the ſtyles; and therefore, 
the true time of new moon in this laſt Example 


being reduced to the new ſtyle, will be the 22d of 


July, at 22 minutes 55 ſeconds VI in the even- 
| Ing. | 


bi 0 calculate the true place of the ſun for any given 


moment of time. 


. PRE CEPT I. In Table XII, find the next lefſer 
year in number to that in which the ſun's place is 
ſought, and write out his mean longitude and ano- 


maly anſwering thereto : to which add his mean mo- 
tion and anomaly for the compleat reſidue of years, 
months, days, hours, minutes and ſeconds, down 
to the given time, and this will be the ſun's mean 
place and anomaly at that time, in the old ſtyle, 
provided the ſaid time be in any year after the 


Chriſtian ra. See the firſt following Example. 


II. Enter Table XIII with the fun's anomaly, 
and making proportions for the odd minutes and 
ſeconds thereof, take out the equation of the ſun's 
center; which, being applied to his mean place as 


the title add or ſubtract directs, will give his true 


place or longitude from the. vernal ee at the 
time for which it was required. 

III. To calculate the ſun's place for any time in 
a given year before the Chriſtian æra, take out his 
mean longitude and anomaly for the firſt year thereof, 
and from theſe numbers, ſubtract the mean motions 
and anomalies for the compleat hundreds or thou- 
ſands next above the given year; and, to the re- 
mainders, add thoſe for the reſidue of years, months, 
&c. and then work in all reſpects as above. See 
the fecond Example following. 


C 


F 2 E X A M- 


[441] 
„ x A MPL E I. 
5 Reguired the fur s true place, March 20th, old 5b. 
15764, at 22 hours 30 minutes 2.5 ſeconds paſt noon? 
— [3 common reckoning, March 21ft, at 10 bours 
3⁰ minutes 25 ſeconds in the forenoon. 


To the -adical „ Bi Chriſt 1701 9 20 43 50 
60] O o 27 gs 2 
29 17 qq 


Add compleat years be. 


Min. 30 
See. 27 


Sun's mean place at the given time 
Equation of the ſun's center, add 


4 


[Sun' 8 Long. 


n 


Fum 8 From: 


March 
Biſſextile, Days 20 
Hou. 221 


11 


1 


28 0 
20 41 5s 
a 13 
£44 


O 


= 
36 


To 14 
1 55. 


— 7 
9 7 27 23 
Mean Anom. 


Sun's true place at the ſame time 


O 


12 10 12 


EXAMPLE II. 

R eguired the ſun's true place, October 23d, old ſtyle, 
at 16 hours 57 minutes paſt noon, in the 4008th 
gear before the year of Chriſt 1; which was the 


4007th before the year of his birth, and the year of 


_ the Julian period 706 ? 
By the Precepts. 


From the radical numbers aft. Ch. i] 


Subtr. thoſe for 5900 compleat years 
Remains, for a new radix 
80 


compleatyears 1 
112 
October 


900 


to bring it to 
the given time 

| Hours 16 
Min. 57 


* 12 10 12 


Sup! 8 Long. sur s Anom.| 


5 


1114.8 -Q 


Days 23] 


+. wn 


RE 


0 0 0 0 2 2 0 


22 
+» wr ©\ © Q&f ow 
ö va 
O 


26 


88 OO O0 


0 
+ 
'O 

— 


ID 

\© 
Y 
D 


N 
N 


un 


Sun's mean ho at the given time 6 © 


Equation of the ſun's center ſubtract 


F # 


Sun's true place at the ſame time | 


6 O O ol K O © © 


3: 7.5 28 33 58 


Sun's Anom.' 


is. Gon. 


S0 


- 1 a. 
. 
1 


1451 


80 that, in the * of London, the ſun was 


| then Juſt entering the fign Libra, and confe- 


quently was upon the point of the autumnal equinox. 
If to the above time of the autumnal equinox at 
London, we add 2 hours 25 minutes 41 ſeconds for 
the longitude of Babylon, we ſhall have for the 


time of the ſame equinox at that place, October 2 3d, 
at 19 hours 22 minutes 41 ſeconds; which in the 
common way of reckoning, is October 24th, at 
22 minutes 41 ſeconds paſt VII in the morning. 


And it appears by Example VI, that in the ſame 


year, the time of the full moon at Babylon was 


October 23d, at 42 minutes 46 ſeconds after VI in 


the morning: ſo that the autumnal equinox was on 


the day next after the day of full moon. — The do- 
minical letter for that year was G, and conſequently 


the 24th of October was on a Wedneſday. 


To find the ſun's Hibance from the moon's 1 node, 
at the time of any given new or full moon; and con- 


; ſequently, to know herber there is an ec. at that 
lime, or not. 


The fun's diſtance from the moon's aſcending 
node is the argument for finding the moon's fourth 
equation in the ſyzygies, and therefore it is taken 
into all the foregoing Examples | in finding the times 
thereof.— Thus, at the time of mean new moon in 


April 1764, the ſun's mean diſtance from the aſ- 


cending node, is of 5 35 2”. See Example 
36. 
The deſcending node is oppoſite to the aſcending 


one, and they a are HE; ſix ſigns diſtant from each 
other, 


When 


P — Wo — 22 2 _ . — — —_— — 5 — — — : — 
_ - on. 0 2 2 2 4 * — Ano — — — * 0 a "ay * "44 > — rr 
Q » 2. os = n mw x — : = * 19232 * * . W row et 2 
N q — g N L =p _ \ — 4 ng — >. = 
Wc. of Weg WE * 24 2 r ws 4 eee = W — hp 71 9 * Pop . * —_—— 6 2 F O 6 . — — —— - — "M0 Dn a 5 r 
— Rt - — : pe * _ * e 54 9 IgE © * N 5 . - qa 4” " 0 - * 4 l : N N 3 2 2 oy © 
os = p *. X \. I. 86 0) 5 4 . 4 * * I. * k — 8 * © — n Mow has” of FR - 4 4. 7 T4 * —_ * = — F — * — . * — 
9 — a 1 * * id # * bf * - * OE - * * 
. * i a 1 — _ — __ OO Inn ay En *²¹Ü¹¾. x... 8 » 
5 * . e "IS, ny * 


moon, the moon will be then eclipſed.— Thus we 
find, that there will be an eclipſe of the ſun at the 
time of new moon in April 176 4. 


times in the above Example: and therefore, we 


When the fun is within 1 7 degrees | of either of b 
the nodes at the time of new moon, he will be 
eclipſed at that time: and when he is within 12 de- ® 
grees of either of the nodes at the time of full 


But the true time of that new moon comes out 
by the equations to be 30 minutes 46 ſeconds later 
than the mean time thereof, by comparing theſe 


muſt add the ſun's motion from the node during 
that interval, to the above mean diſtance o 5 33 2%, 

which motion 1s found in Table XII, for 50 minutes 
46 ſeconds, to be 2 12“. And to this we muſt ap- 
ply the equation of the ſun's mean diſtance from the 
node, found by the ſun's anomaly in Table XIII, 
which anomaly, at the mean time of new moon in 
Example I, is 9“ 1 26“ 19”; and then we ſhal! 
have the fun's true wikis from the node, at the 
true time of new moon, as follows. | 


Sun from node 1 
| | „ 1 

At mean time of new moon in Apr. 1764, % f 35 2 
, | | 50 min. 2 10 = 
Sun's mot. from the node for 36 ſec. 2 


” 


#4 — 
n 1 


Sun's mean Gift. from node at true new moon 0 5 37 14 1 
Equation of mean diſt. from node, add 2 9 


Sunꝭ true diſt. from the aſcending node 8 7 42 14 


Which, being far within the above limit of 17 
degrees, ſnews that the ſun muſt then be eclipfed. 1 
And now we ſhall ſhew how to calculate this, or B 
any other eclipfe, either of the ſun or moon. _— 


4 | | To 


3 


[47] 
ky calculate an eclipſe of the fon. 
1 order to this, we muſt find the ten fenix 


| Lan by means of the Tables. 


1. The true time of conjunction of the ſun and 
moon; and at that time, 2. The ſemidiameter 
of the earth's diſc, as ſeen from the moon, which 
is equal to the moon's horizontal parallax. 3. The 
ſun's diſtance from the ſolſtitial colure to which he 
is then neareſt. 4. The ſun's declination, 3. The 
angle of the moon's viſible path with the ecliptic. 
6. The moon's latitude. 7. The moon's true ho- 
rary motion from the ſun. 8. The ſun's ſemidi- 
ameter. 9. The moon's. 10. The ſemidiameter 


of the penumbra. 


We, ſhall now proceed to find cheſs elements for 
the ſan's eclipſe in April 1764. brig n 

1. To find the true time of new moon. 3 Thing * 
Example I. pag. 36, is found to be on prick firſt day. 
of the ſaid month, at $9: minutes 23 ſeconds alter. 
X in the morning. 

2, 7% find the moon's A W or ſemi- 
diameter- of the earth's diſc' as ſeen from the moon. 
Enter Table XVII, with the ſigns and degrees of 
the moon's anomaly, (making proportions, becauſe 
the anomaly is in the Table only to every 6th de- 
gree) and thereby take out the moon's horizontal 
parallax; which, for che above time, anſwering to 
the anomaly 1159 24 21“, is 54 43. 

3. To find the ſun's diſtance from the nears follice, 
viz. the beginning of Cancer, which is 36 or g0* from 
the beginning of Arics. It appears by the' firſt Ex- 
ample on page 44, (where the ſun's place is calcu- 
lated to the above time of new moon) that the ſun's. 


OM Iongitude 


[48] 


Jongitude from the beginning of Aries is then o* 120 
ro 12”: that is, the ſun's place at chat time is 
Aries, r2* 100 bY”, - 12 
Therefore from —— — 3 0 © 
Subtract the ſun's Wait or place = 0 12 10 


Rem. the ſun's diſt, from the ſolſtice r Wb, =, -*, ”_ 17 49 5 
Or 774 483 3 each ſign containing 30 degrees. | 


4. To fad the fun's declination: Enter Table XIV. 


with the figns and degrees of the ſun's true place, 


viz. of 12®, and making proportions for the 10 12%; 
take out the ſun's declination anſwering to his true 
place, and it will be found to be 4 49 nortn. 
5. To find the moon's latitude. This depends on 
her diſtance from her aſcending node, whith is the 
fame as the ſun's diſtance from it at the time of new 
moon; and is thereby found in Table XVII. 
But we have already found, that the ſun's equated 
Kffacies from the aſcending node, ar the time of new 
moon in April 1764, is of 97 42, 14“. Ses pag. 46. 
Therefore, enter Table XVI. with © ſigns at the 
top, and 7 and 8 degrees at the left hand, and take 
out 36“ 39“, the latitude for 7, and 417 51”, the 
latitude for 8; and by making proportions between 
theſe latitudes for the 42 14”, by which the moon's 
diſtance from the node exceeds 7 degrees; her true 
latitude will be found to be 4⁰ 18* north aſcending. 
"a To find the moon's true horary motion from the 
With the moon's anomaly, viz. 11* 9? 24 21, 
got? Table XVII, and take out the moon's horary 
motion; which, by making Proportions in that Ta- 
ble, will be found to be 30% 22. Then, with the 
ſun's s anomaly, 9 1* 2619“, take out his horary 


motion 2 28” from the ſame Table: and ſubtracting 
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[49] 
the latter from the former, there will remain 27 64 
op the moon's true horary motion from the ſun, 

. To find the angle of the moon's viſible path with 
8 ecliptir. This, in the projection of eclipſes, 
may be always rated at 5 35 without any enn 
error. 

8. 9. To find the ſemidiameters of FY ſun jy moon. 
Tete are found in the ſame table, and by the ſame 
arguments, as their horary motions. —In the preſent 
caſe, che ſun's anomaly gives his ſemidiameter 


16 6", and the moon's anomaly gives her ſemi- 


diameter 14 37 
10. To find the * of the Penumbra. Add 
the moon's ſemidiameter to the ſun's, and their ſum 
will be the ſemidiameter of the penumbra, vix. 
31 3 
Collect now theſe elements, that they may be the 
more readily found when they are wanted in the 


conſtruction of this eclipſe. 


D. H. M. I 
1. Tres time of new moon in April, 1764 11 


Semidiameter of the earth”s diſe. | | 0 
Sun's diftance from the neareſt ſolſtice 77 49 58 

21 4 

O 


. Sun's declination, north r 
. Moon's latitude, north aſcendin 
Moon's horary motion from the fun + ff 

Angle of the moon's viſ.- path with the 5 re 5 38 6 
Sun's ſemidiameter 5 16 6 
. Moon's ſemidiameter . | 14 57 
gemidiameter of the penumbra | | 31 3 


Potty 


SO "YL 


— 


2 o confiruft an anf of the Jan geometrical.” 


1. Make a ſcale of any convenient length, as 
AC (fig. 1.) and divide it into as many equal parts 
as the earth's ſemi-diſc contains minutes of a de- 

G =__ 
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gree; which, at the time of the eclipſe in April, 
Then, with the whole length of 


1704, is 54 53" 
the ſcale as a radius, deſcribe the ſemicircle AMB 


upon the center C; which ſemicircle- ſhall repreſent 


the northern half of the earth's enlightened * as 


ſeen from the ſun. $0119 
2. Upon the center C . the ſtraight ling CH, 

perpendicular to the diameter 4 CB; ſo ACB ſhall 

be a part of the ecliptic, and C Hits axis. 


3. Being provided with a good ſector, open dt ke to 


the radius CA in the line of chords; and taking 
from thence the chord of 23 degrees in your com- 
paſſes, ſet it off both ways from H, to g and to B, 
in the periphery of the ſemi-diſc; and draw the 


ſtraight line gb, in which the north pole of the 


diſc will be always found. 

4. When the ſun is in N * Gemini, 
Cancer, Leo, and Virgo, the north pole of the 
earth is enlightened by the ſun : but whilſt the ſun 
is in the other ſix ſigns, the ſouth pole is en- 


lightened, and the north pole 1 is in the dark. 


5. And when the ſun is in Capricorn, Aquarius, 


Piſces, Aries, Taurus, and Gemini, the northern 


half of the earth's axis C XII P lies to the right 
hand of the axis of the ecliptic, as ſeen from the 
ſun; and to the left hand, whilſt we ſun is in the 
other ſix ſigns. 

6. Open the ſector, till the 1 (or diſtance of 


the two go's) of the fines be equal to the length of 


Ib, and take the fine of the ſun's diſtance from the 
ſolſtice (77® 49 58”) as nearly as you can gueſs, in 


your compaſſes, from the line of fines, and ſet off 
that diſtanee from to P in the line's V h, becauſe 
the earth's axis lies to 1 HOI hand of .the axis of 


(28 the 


[ 51 1 

che ecliptic in this caſe, the ſun being in Aries; and 
draw the ſtraight line C XII P for the earth's axis, 
of which P is the north pole. If the earth's axis 
had lain to the left hand from the axis of the eclip- 
tic, the qiſtance 7 wonid have been ſet off from 
towards g. 

171 T0 draw the parallel of latitude of any given 


place, as ſuppoſe London, or the path of that place 
on the earth's enlightened diſc as ſeen from the ſun, 


from ſun-riſe till ſun- ſet, take the follozzing method. 


Sudtract the latitude of London, 53 1. from go?, 
and the remainder 38% will be the .co-latitude, 
which take in your compaſſes from the line of chords, 
making CA or CB the radius, and ſet it from þ 
(where the earth's axis meets the periphery of the 
diſc) to VI and VI, and draw the occult or dotted 
line VI K VI. Then, from the points where this 


line meets the earth's diſc, ſet off the chord of the 


ſun's declination 4* 49 to D and F, and to E and G, 
and connect theſe paints by the two wen lines 
F XII G and DLE. | 

Biſect LK XII in K, and through the point K 
8 the black line VI K VI. Then making CB 
the radius of a line of ſines on the ſector, take the 
co-latitude 38® + from the ſines in your compaſſes, 
and ſet it both ways from K, to VI and VL—— 
Theſe hours will be juſt in the edge of the diſk at 
the equinoxes, but at no other time in the whole 
With the extent K VI taken in your compaſſes, 


ſet one foot in K (in the black line below the occult 


one) as a center, and with the other foot deſcribe the 


ſemicircle VI 8 9 10 Sc. and divide it into 12 


equal parts. Then, from theſe points of diviſion, 
NY | G 2 | : draw 
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draw the occult lines 7 Pp, 8 0, 9 u, &c. Paralte to tha 
earth's axis CXII P. 
With the ſmall extent K XII as a rate 0 


a quadrantal arc XII f, and divide it into fix equal 


parts, as XII a, ab, bc, cd, de, and ef; and 
through the diviſion-points a, 5, c, d, e, draw the 


occult lines VII e V, VIII 41V, IX III, X II, 


and XI a I, all parallel to VI K VI, and meeting 
the former occult lines 7 , 8 o, &c. in the points 
VII VIII IX X XI, VIV III II and I: which 
points ſhall mark the ſeveral ſituations of London on 
the earth's diſc, at theſe hours reſpectively, as ſeen 
from the ſun; and the elliptic curve VI VII VIII, 
&c. being drawn through theſe points, ſhall repre- 
ſent the parallel of latitude, or path of London on 


the diſc, as ſeen from the ſun, from its 8275 to its 


ſetting. 
N. B. If the ſun's declination had been Woch, thy 


_ diurnal path of London would have been on the up- 
per ſide of the line VI X VI, and would have touch- 


ed the line DLE in J. it is requiſite to divide 
the horary ſpaces into quarters, (as in the _ 


and, if poſſible, into minutes alſo. 


8. Make CB the radius of a line of chords on the 
ſector, and taking therefrom the chord of 3 35, 
the angle of the moon's viſible path with the ecliptic, 
ſet it off from H to M on the left hand of C H, the 


axis of the ecliptic, - becauſe the moon's latitude is 


north aſcending. Then draw CM for the axis of 


the moon's orbit, and biſect the angle MCH by the 


right line Cz. Af the moon's latitude had been 


north deſcending, the axis of her orbit would have 


been on the right hand from the axis of the ecliptic. — 


N. B. The axis of the moon's: orbit lies the ae 
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, way when her latitude is ſouth | Kel? as when if 
is north aſcending; and the ſame way when fouth 
deſcending, as when north deſcending, | abt 
„Take the moon's latitude 400 18“ from the 
1 ſcale CA in your compaſſes, and ſet it from 7 to x in 
the biſecting line Cz, making #7 parallel to Cy: 
and through x, at right angles to the axis of the 
moon's orbit CM, draw the ſtraight line Ny S for 
the path of the penumbra s center over the earth's 
| diſc. The point ww, in the axis of the moon's 
orbit, is that where the penumbra's center approaches 
E | neareſt to the center of the earth's diſc, and conſe- 
oo quently i is the middle of the generaleclipſe: the point 
vis that where the conjunction of the ſun and moon 
falls, according to equal time by the tables; and the 
point y is the ecliptical pe on of the ſun and 
moon. | | 
10. Take, the moon's true horary motion From 40 
fun, 27 54”, in your compaſſes, from the ſcale CA, 
(every diviſion of which is a minute of a degree) and 
with that extent make marks along the path of the 
penumbra's center, and divide each ſpace, from 
mark to mark, into 60 equal parts or horary mi- 
= nutes, by dots; and ſet the hours to every Goth mi- 
= nute in ſuch a manner, that the dot ſignifying the 
— inſtant of new moon by the tables, may fall into the 
"= point x, half way between the axis of the moon's 
—* orbit, and the axis of the ecliptic 3 ; and then, the 
reſt of the dots will ſhew the points on the earth's 
f diſc, where the penumbra* s center is at the inſtants 
= denoted by them, in its tranſit over the earth. f 
11. Apply one ſide of a ſquare to the line of the 
penumbra's path, and move the ſquare' backwards 
® 28 I until the other ſide of it cuts the ſame 
A hour 


£541 


hour and minute (as at and ) both in the path 
2 London, and in the path of the penumbra's. cen- 
and the particular minute or inſtant which the 
2 cuts at the ſame time in both paths, ſhall be 
the inſtant of the viſible conjunction of the ſun and 
moon, or middle of the eclipſe, at the place for 
which the conſtruction is made, namely London, in 
the preſent example: and this middle time is at 472 
minutes paſt X o'clock in the morning; which is 
17 minutes 5 ſeconds later than the 2. time 5 
true conjunction. | 8 

12. Take the fats Cas.” 16 16" . 
your compaſſes, from the ſcale C A, and ſetting one 
foot in the path of London at m, namely, at 472 
minutes paſt X, with the other foot deſeribe the 
circle V which ſhall' repreſent the ſun's diſc as 
ſeen from London at the middle of the eclipſe.— 
Thea take the moon's ſemidiameter; 14 67, in 
ur compaſſes from the ſame ſcale; and ſetting one 
dot in the path of the penumbra's center at m, in 
the 47+ minute after X; with the other foot de- 
ſecribe the circle TX for the moon's diſc, as ſeen 
from London, at the middle of the eclipſe, or time 
of greateſt obſcuration ; and the portion of the ſun's 
diſc which is hid or cut off by the moon's, will 
ſhew the quantity of the eclipſe at that time; which 
quantity may be meaſured, on a line equal to the 
ſun's diameter, and divided into twelve . parts 
for digits. 

13. Laſtly, take * r of a: ns, 
bra, 31 3”, from the ſcale CA in your: compaſies 4, | 
and ſetting one foot in the. line of the penumbra's 
central path, on the left hand from the axis of the 


P direct the other foot topard nts 2 
n- 


| T5 1 
London; and carry that extent backwards and fot 
wards, till both the points of the compaſſes fall into 
che ſame inſtants in both the paths: and theſe in- 


ſtants will denote the time when the eclipſe begi 
at London.— Then, da the like on the right hand 
of the axis of the ecliptic; and where the points of 
the compaſſes fall into the ſame inſtants in both the 
paths, they will ſhew at We time the e _ 

at London. 

Theſe trials give 21 Audtrs infer Ix in ne morn- 
18 for the beginning of the eclipſe at London a 
the points M and O: 4) minutes after X, at the 
points m and n, for the middle of the eckpfe; and 
184 migutes after XII, at R and $, for the time 
When the eclipſe ends. 

In this conſtruction it is ſuppoled, uy the SIR 
weld which the moon's diſc is + ſeen,” during the 
whole time of this eclipſe, continues invariably” the 
ſame; and that the moon's motion is uniform and 
rectilineal during that time. But theſe ſuppoſitions de 
not exactly agree with the truth; and therefore, ſup- 
poſing the elements given by the tables to be accurate, 
yet the times and phaſes of the eclipſe, deduced from 
its conſtruction, will not anſwer exactly to what 
paſſeth in the heavens; but may be two or three 
minutes wrong, tho” done with the greateſt care. 
Moreover, the paths of all places of conſiderable 
latitudes are nearer the center of the tatth's diſc, as 
ſeen from the ſun, than theſe conſtructions make 
them; becauſe che diſc is projected as if che eùrth 
were a perfect ſphere, although it is knewn to be a 
ſpheroid. Conſequently, the moon's: ſhadow will ge 
farther northward in all places of northern latitude, 
and farther ſouthward in all Places * ſouthern Jati- 
v% Þ-£ tude, 


1 n 
eude, ** it is ſhewn to do in theſe projections. 

And hence we may venture to predict, that this 

_ eclipſe will be ſomewhat more central at den | 
ones che diagram ſnews it. 96 $00 nota Haw eat 


7 aj " The conflratiion of. lunar aa. N 1 


When the moon is within 12 degrees of either of 
— nodes, at the time when ſhe is bel. ſhe wil be 
eclipſed, otherwiſe not. 

We find by Example II, page 37% 2 at the 
time of mean full moon in May, 1762, the ſun” Xx 
diſtance from the aſcending node was only 449 353 
and the moon being then oppoſite to the ſun, muſt 
have been juſt as near her Seſcending, node, and 
was therefore eclipſed. 

The elements for conſtructing an eclipſe 7 the 
moon, are eight i in number, as follow -:: 
1. The true time of full moon: and at that n 
2. The moon s horizontal parallax. 3. The ſun's 

ſemidiameter. 4. The moon's. - 5. The ſemidiame- 
ter of the earth's ſhadow at the moon. 6. The 
moon's latitude.” 7. The angle of the moon's viſi- 
ble path with the ecliptic. . 8. The moon's true bo- 
rary motion from the ſun. Therefore, 

1. To find. the true time of full moon. Work as al- 
ready, taught in the Precepts.—Thus we have the 
true time of full moon in May 1762, (See Exam- 
ple II. page 37) on the. 8th day, at go minutes 
50 ſeconds paſt III o'clock in the morning. 
2. To find the moon's horizontal parallax. . Enter 
Table XVII. with the moon's mean anomaly (at the 
above full) 9 2 42 42, and thereby take out her 
horizontal parallax; which, by making _ n : 
FONG: * be found to by 57 23% 
E * 7 . 


Col gia 8 
3. * To find the ſemidiameters of the ſun and moon. 


Enter Table XVII. with their reſpective anomalies, 


the ſun's being 10˙ 7 27 41170 (by the above Ex- 


ample) and the moon's 9 2 42 42” ; and thereby 


take out their reſpective ſemidiamerers : the ſun's 


15 56", and the moon's. 15 38“ 


5. To find the ſemidiameter of the earth's ſhadow at 


_ the moon. Add the fun's horizontal parallax, which 


is always 100% „to the moon's, which i in the preſent 
caſe is 57 23”, the ſum will be 37 33” from 


which ſubtract the ſun” 8 ſemidiameter 15 56", and 


there will remain 41 37” for the ſemidiameter of 


that part of the earth's ſhadow which the moon 
paſſes through. 


6. To find the moon's latitude, F ind the ſun's true 
diſtance from the aſcending node (as already taught 
in page 45) at the true time of full moon; and this 
diſtance increaſed by ſix ſigns, will be the moon's 
true diſtance from the ſame node; and conſequently 


the argument for finding her true latitude, as ſhewn 


in page 48. 

Thus, in Example II, the ſun's mean diftance 
from the aſcending node was'o* 4* 49 3 5 at the 
time of mean full moon : but it appears by the 
Example, that the true time thereof was 6 hours 


33 minutes 38 ſeconds ſooner than the mean time 


and therefore we muſt ſubtract the ſun's motion from 
the node (found in Table XII. page 29) _— this 


interval, from the above mean diſtance, o* 4® 49/ 35 
in ordiir to have his mean diſtance from it at the true 


time of full moon. — Then, to this apply the equa- | 


tion of his mean diſtance from the node, found i in 
5 Table XV, "7 his mean —_— 100 7 27 453 
H 


and 


* 
+: 
14 
N 
5 


N Sum, burg Fn the uppermoſt une 


s Sun's tus diſtance 0x os node 


1 0 


and latly de fix dere fo hal the on's trye di- 

ſtance from ber aſcending node e en eker 

Sun from node W a Sid 7 ö "Ef K o 4 35 
Ie n mot. from i it in bf 33 minutes 
38 ſeconds 


Rem. his mean dif. at true full mon 
Equation of his mean diſtance, 71 „ kf 75 0 


To which add 
And the ſum will be 


Which is the moon's: true diſtance 
cending node at the true time of her 3 
and conſequently the argument for finding her true 
latitude at that time. Therefore, with this argu- 
ment, enter Table XVI, making proportions be- 
tween the latitudes belonging to the 6th and 7th de- 
;ree of the argument at the left band (the ſigns be- 
ing at the top) for the 10 32“, and it will give 
32 21 for the moon's true latitude, which appears 
ne the Table to be ſouth deſcending. 
7. To find the moon's true borary motion from the 
Fg With their reſpective anomalies take out their 
horary motions from Table XVII, as ſhewn in page 


48; and the ſun's horary motion ſubtracted from 
the moon's, leaves remaining the moon's true ho- 
rary motion from the ſun : in the preſent caſe 30 52; A 


8. To find the angle of the moan's Sify path 


4 © — 


the ecliptic. This may be ſtated at 335 withour 


any. error of cOnſeguenee in che 8. projection of * 
eclipſe. 


A * 


ö Now | 


TTH 2 
„ Mow 


collect theſs ene ropeher {6 


t. Due ane of fall moon in To TY 


be ae 
2613 1 1 A * 4 . 1 — 444 


2 Moon's * 5 

31 * ſemidiameter” 

| s ſe 

5. He Sem 681d. 4. 2 41x" "IT at "ou moon 
Moon's Gelatine ſoutk deſcending 


4 Ker esse of, her vid; path with che ecliptic 
horary motion from the _ 


La 


Theſe e being found for the confiruQion 
of. the _— . in 1 17655 1 as 
follows: t 20; 

t. Make a ſealk of ay convenient lengtk, 28 


1X in fig. 2. and divide it into 60 equal hm 


| Exch' part ſtanding for a minute of a degree. 
2. Draw the right ine ICB (fig. 3.) for part of 
che ecliptie, and C D perpendicular thereto for the 


fourtienr * of its als: 0 the moon inn fouth | 


2 Bitaieeny rs anon dad ina 


ſhadow x together, Which, in this eclipſe, will make 


;- and ſetting: one foot in the interſection C as a 
center, with the other foot deſcribe the ſemicircle 
ADB; in "one poitit of which the moon's center 


will-be at the beginning of the eclipſe, and in ano- 


cher at the end thereof. 
4 Take the ſemidiameter of the earth's kin 


ſetting one foot in the center C, with the other foot 
deſcribe the ſemicircle KLM for the ſouthern half 


of the earth's ſhadow, | becauſe the moon's latitude is 85 


fouth in this ecliple. 
H 2 ; 8. Make 


% * 
by 6 2 / 
- . 


3 7 TP ; and take this from the ſcale in your com- 


41 375, in your compaſſes from the ſcale, and 


dee] 

| 1 Make C D equal to the radius of a line of 
chords on the ſector, and ſet off the angle of the 
moon's viſible path with the ecliptic; g 35, from 
D to E, and draw the right line CFE for the 
ſouthern half of the axis of the moon's orbit, lying 
to the right hand from the axis of the ecliptic C D, 
becauſe the moon's latitude; is ſouth deſcending.— 
It would have been the ſame way (on the other ſide 
of the ecliptic) if her Jatitude had been north 
deſcending; but contrary in both caſes, if her lati- 
tude had been either north aſcending or ſouth: aſcend- 
mage; 

6. Biſect the angle DCE by the right line C, 45 If 
which line, the true equal time of oppoſition of the 
ſun and moon falls, as given by the Tables. RF X 
7. Take the moon's latitude, 32 21”, . the 
ſcale with your compaſſes, and ſet it from C to G, 
in the line CGg; and through the point G, at right 
angles to CFE, draw the right line PG N for the 
path of the moon's center. Then, F ſhall. be the 
point in the earth's ſnadow, where the moon's center 
is at the middle of the eclipſe; G, the point where 
her center is at the tabular time of her being full; 
and H, the point where her center is at the inſtant 
of her ecliptical oppoſition. 4G f 

8. Take the moon's horary motion 7 the tim. 
30 52”, in your compaſſes from the ſcale z and with 
that extent make marks along the line of the moon's 
path PGN: then divide each ſpace from mark to 
mark, into 60 equal parts, or horary minutes, and 

fer the hours to the proper dots in ſuch a manner, 
that the dot ſignifying the inſtant of full moon (viz. 
50 minutes 50 ſeconds after III. in the morning) may 


1 
de in the point C, where the line of the moon's path 
cuts the line that biſects the angle DCE. 

9. Take the moon's. ſemidiameter, 13 38% 


14 
in 


your compaſſes from the ſcale, and with that ho 


as a radius, upon the points NV, E, and P, as centers, 
deſcribe the circle 2 for the moon at the beginning of 
the eclipſe, when ſhe touches the earth's ſhadow at V; 
the circle R for the moon at the middle of the eclipſeʒ 


and the circle S for the moon at the end of the ph, 


juſt leaving the earth's ſhadow at /, _ 
The point NM denotes the inſtant when the A 
begins, namely, at 15 minutes 10 ſeconds. after II. 


in the morning: the point F the middle of the 


eclipſe, at 47 minutes 45 ſeconds paſt III ; and the 
point P the end of the eclipſe, at 18 minutes after V. 
—At the S0 obſcuration the moon is 10 digits 
UE: 


5 an ; ancient 4 eclipſe if the moon. 


It is recorded by Ptolemy, from Hipparchus, har 


on the 22d of September, the year 201 before the 


firſt year of Chriſt, the moon roſe ſo much eclipſed 


at Alexandria, that the eclipſe muſt have begun about 

half an hour before ſhe roſe. 

Mir. Carey puts down this eclipſe in his chronology 
as follows, among ſeveral other ancient ones, re- 
corded ns different authors. 


| Jul. Per. Eel. 7 Per. Cal 2. An. Her. 7 7. | Nabpha 
1 A. Alexandr. ale. + ecl. 1 a 547 oY: 
"_ 22. _ [Prolem. I. * 6. "FRE | Mcfer. 16, 


| That is, in the 451 3th year of the Julian period, 
| which was e 7 year from Nabonaſſqr, and the 
„* 9 * | | | 54th 
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1621 
Lick 5er the ſecönd Cilhpic bene on the 6 
„ day of the month Mefori, which aniwers't6 the 22d 
& September, the mob was 10 digits ecfipſet at 
Arandria, at 7 o clock in the” evithing; e WY 
Now, as our Saviour was Born (acer g to tHe 
Pionyftan, of velgar æra of Bis birth) in the #71 gel 
year of the Juan period, it is plain that the 457 gthe 
year of that period was the z00th year before rhe 
yeir of Chrift's birth; atid* conſequently 201 eure 
before the year of Chriſt _ | 
And, in the year 20 7, on the 22d of'Se Get alike, 
it ap pears by Example V. (page 40) that che: modo 
was. fall at 26 Mine 28 ſeconds paſt VII in dle 
| evening, in the meridlan of Alexandria.” © © 
At that time, the ſun's place Was Virgo 262 145 5 
according to dur Tables; ſo that the ſun was then 
within 4 degrees of the autumnal equinox : and ac 
cording to calculation, he muſt have ſet at Alexandria 
about 3 minutes after VI, and about one degree north 
of the weſt. 
The moon being full at chat time, would have 
riſen Juſt at ſun- 25 about one degree ſbuth of the 
eaſt, if he Had been it eitfler of het cke and het 
viſible place not depreffed by parallax. - 
Hut her parallactic depreffion (as appeits from los 
anomaly, vis. 10˙ 186 nearly) muſt have been = 17”; - 
I which exceeded her whole diameter by 2 9”; but 1; 
; then, ſhe muſt have been elevated 33 45 By refine ; 
tion; which ſubtracted from her parallax, leaves 
21 32% for her vlſible or apparent depteſſion. LS 
And her true latitude was.30'= north deſcending, 
which being contrary to her apparent depreſſion, and 
greater than the ſame by 8 58”, her true time of -1 Ti= 


es muſt have been juſt about VI O cl.. 
Now, 


= 
44 
Ws 
= 
4 4 
5 — 
1 
- 
| Y 
= 
þ = 
} 1 
1 
x 
= 
y 
d J 
# 
: 
244 
4 
1 
$4 
= 
fs 
: 
* 
q "0 
IF: 
in ; 
. 
7 [4 
=; 
- 5 
4 : 
. E 
- 
; 
- 
: 
x : 
* 
2 
= 
- 


4 


— 


x67 


Now, as . moon roſe about one degree ſouth of 


the eaſt at Alexandria, where the viſible horizon is 
land, and not ſea, we can hardly imagine her to have 
been leſs than 15 or 20 minutes of i time above the 


true horizon before ſhe was viſible. 


It appears by fig. 4, which is a delineation of this 
eclipſe reduced to the time at Alexandria, that the 
eclipſe began at 53 minutes after V in the evening z 


and conſequently 7 minutes before the-moon was in 


the true horizon: to which, if we add 20 minutes 


for the interval between her true riſing and her being 


viſible, we ſhall have 27 minutes for the time that the 


eclipſe was begun before the moon was viſibly riſen. 


— The middle of this eclipſe was at go minutes paſt 
VII, when its quantity was almoſt 10 digits, and its 
ending was at 6 minutes paſt IX in the evening. 
So that our Tables come as near to the recorded t time 


of this eclipſe as can be expected, after an elapſe of 


1960 years. 
FRRATA | 
10; L 6, neares read farther from. , Same page J. the 8 
fr Vt ra « 41, J. 18 from the bottom, for Fe 36 ſe· 
18 rom the botiow, for V read line, for 


—- Pag. 44, J. 9, . 745. 46, tn, for HI read 
XV, 2 0 * 1 the am read 48 : and abe '. 

ry * _ for 58” CT RO 305 
To the Tables. Pag. T9, 1. 7 A 
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